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The most severe rainstorm of India — a brief 
appraisal * 
0, N, DHAR, A. K. KULKARNI & B. N. MANDAL 
Indian Institute of Tropical Meteorology, 
Ramdurg House, Pune 411005, India 
ABSTRACT The rainstorm of 1-5 July 1941 which caused 
exceptionally heavy rains over the coastal belt of north 
Konkan-south Gujarat has been analysed. The centre of 
this rainstorm was at Dharampur (Surat district of 
Gujarat state) which recorded the highest one-day rain-
fall of 987 mm on 2 July 1941. The areal rain depths 
obtained from this rainstorm for durations of one to 
three days over different sized areas were found to 
exceed the highest areal rain depths obtained in India. 
A comparison of areal rain depths for this rainstorm 
with similar rain depths obtained from the most severe 
rainstorms of the USA and Australia showed that, barring 
one or two small areas, the July 1941 rainstorm gave 
higher rain depths up to an area of 65 000 km 
for durations of one to three days. The efficiency of 
this rainstorm was also determined and found to be the 
highest among the Indian and American rainstorms. 
Considering this, the July 1941 rainstorm may be 
considered as one of the world's most severe rainstorms. 
La plus severe averse de l'Inde: brève estimation 
RESUME On a analysé les données de l'averse du 1 au 5 
juillet 1941 qui a donné lieu à des pluies exceptionnelle-
ment fortes sur la bande côtière au nord de Konkan-sud de 
Gujarat. Le centre de cette averse orageuse était à 
Dharampur (district Surat de l'état de Gujarat) où on a 
enregistré la hauteur de précipitations la plus élevée: 
987 mm le 2 juillet 1941. La hauteur de précipitation 
moyenne obtenue pour cette averse pour des durées de un à 
trois jours sur des étendues de diverses superficies 
dépasse, selon ce qui a été trouvé, les hauteurs de 
précipitations moyennes sur ces mêmes surfaces, observées 
jusqu'ici dans ce pays. Une comparaison des hauteurs de 
précipitations moyennes obtenues sur diverses surfaces 
lors de cette averse avec des hauteurs de précipitations 
analogues obtenues pour les averses les plus sévères 
observées aux Etats Unis et an Australie a montré que 
si on met de côté une ou deux zones de faible étendues 
l'averse de juillet 1941 a donné lieu à des hauteurs de 
précipitations plus fortes pour des superficies atteignant 
* A brief summary of this paper was presented at the Indian 
Meteorological Society's Seminar on Tropical Cyclones and Disaster 
Preparedness held at Bhubaneshwar (Orissal), January 1984. 
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jusqu'à 65 000 km pour une durée de 1 à 3 jours. Le 
rendement de cette averse a également été déterminé et 
on a trouvé que c'était le plus élevé parmi les averses 
indiennes et américaines. Si on considère également ce 
fait, l'averse de juillet 1941 peut être considérée comme 
une des averses les plus sévères du monde. 
INTRODUCTION 
The Indian subcontinent has experienced cyclonic disturbances (viz. 
depressions and cyclonic storms) in all months of the year except 
February. Table 1 gives the observed frequency of these disturbances 
in the different months of the^year during the 90-year period from 
1891 to 1980. 
From Table 1, it is seen that during the period of 90 years 
nearly 900 cyclonic disturbances moved through the Indian 
subcontinent after crossing inland from the Bay of Bengal or the 
Arabian Sea. It is also seen from Table 1 that during the four 
southwest monsoon months of June-September, the number of 
disturbances which moved through the subcontinent was 629. In other 
words, about 70% of these disturbances occurred during the south-
west monsoon season. Figure 1 shows the areal distribution of 
these disturbances during the monsoon season over the Indian 
subcontinent. 
During their passage over the country, these disturbances cause 
heavy falls of rain along and near their tracks. In the monsoon 
months it has been observed that during their travel heavy rainfall 
is confined to a belt some 400 km wide and 500 km long to the left 
of the track of these disturbances (Rao, 1976). In the case of 
recurvature of these disturbances, heavy rainfall occurs in the 
front quadrant and on the right-hand side of the track (Ghose & 
Prasad, 1982). 
Due to the heavy rainfalls associated with these disturbances, 
floods occur in those rivers whose catchments lie in the rainstorm 
area. These floods inundate large tracts of fertile land and 
bring death and destruction to the affected regions in their wake. 
It has been estimated (Varma, 1978) that on an average, each year, 
about 78 000 km2 of land suffer from floods in India, and the 
average annual damage is of the order of 2400 million rupees 
(approximately 270 million US dollars). 
In connection with the optimum development of the water resources 
Table 1 Number of cyclonic disturbances which moved through the Indian subcontinent during the 
period 1891-1980 
Months Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Total 
Total 
during 
1891-1980 6 0 2 6 36 105 166 182 176 115 86 16 896 
Average 
per month 0.07 0 0.02 0.07 0.40 1.17 1.84 2.02 1.96 1.28 0.96 0.18 9.96 
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60* 65* 70* 75° 80° 85° 90° 95"E 
Fig. 1 Number of depressions and cyclonic storms over the Indian subcontinent 
during the monsoon months (June-September) from 1891 to 1980. 
of India and to conserve flood waters for use in the dry summer 
months of April-June, the severe rainstorms of the country have 
been analysed and their depth-area-duration (DAD) statistics have 
been published (Dhar & Bhattacharya, 1975; Dhar et al., 1975, 1980). 
These rainstorm studies have shown that the following were the 
most severe rainstorms in India, i.e. those which yielded the 
highest areal rain depths for different durations: 
(a) One-day duration: Rainstorm of September 1880 over northwest 
Uttar Pradesh (Dhar et al., 1975); 
(b) Two to six-day duration: Rainstorm of July 1927 over north 
Gujarat (Dhar et al., 1980). 
Subsequently, Dhar & Mandai (1981), while trying to find the 
highest one-day point and areal rainfall in India, found that the 
2 July 1941 rainstorm over the south Gujarat-north Konkan area was 
the most severe one-day rainstorm in India since its areal rain 
depths exceeded those which occurred in the September 1880 rainstorm. 
As such, it is considered to be the biggest one-day rainstorm in 
India. 
Recently, depth-area-duration (DAD) analysis of the July 1941 
rainstorm was carried out for durations other than one day. This 
rainstorm was found to be of five-day duration (1-5 July) in which 
very heavy falls of rain occurred during the four-day period 1-4 
July. It was also found that the areal rain depths obtained from 
this rainstorm for durations of one to three days exceeded the 
rain depths obtained from the previously biggest rainstorms in 
India, viz. rainstorms of September 1880 and July 1927. Considering 
this, a brief report of the July 1941 rainstorm was considered to 
be of interest. An attempt has also been made in this report to 
compare the areal rain depths of this storm with the most severe 
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rainstorms in the tropical USA and Australia. 
RAINSTORM OF JULY 1941 
Track of the disturbance 
The rainstorm was caused by the Bay of Bengal depression which 
formed in the head of the Bay on 28 June 1941. By 30 June it had 
moved near the Orissa coast and on 1 July crossed the Orissa coast 
near Chandbali. After crossing the coast, it took a westnorth-
westerly course and filled up over south Rajasthan on 4 July. The 
track of this depression is shown in Fig.2. 
J(f 75° 80° 85° 90° 95° 
- 2 5 
- 2 0 ° 
_ I 5 ° 
95° 
Flood damage caused 
Exceptionally heavy rainfall over the rainstorm area resulted in 
severe floods in the rivers of the region which caused heavy loss 
of life and livestock and damage to property. The Surat, Baroda 
and Bulsar districts of Gujarat state suffered most and standing 
agricultural crops were completely destroyed. The severity of the 
flood can be judged from the fact that in one of the small rivers 
of the region, a 20 m iron girder bridge was carried away by about 
50 m by the flood waters. Due to landslides in the Western Ghats, 
there was complete disruption of road and rail traffic between Pune 
and Bombay for nearly 10 days. It is reported that an electric 
locomotive was buried by a landslide near Karjat station, and the 
city of Bombay remained cut off from the outside world for a number 
of days. 
Associated point rainfall 
In association with this depression, the monsoon was vigorous over 
the coastal belt of north Konkan-south Gujarat. It was noticed, 
"70" 75" 80° 85° 9 0 
Fig. 2 Track of the July 1941 monsoon depression. 
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The most severe rainstorm of India 223 
however, that the heaviest rainfall occurred on 2 July over the 
coastal belt when the depression centre was some 650 to 750 km away 
to the east. 
According to Ramaswamy (1981), the very heavy rains were caused 
in the zone of convergence of strong southwesterlies with the 
monsoon northerlies. Figure 3 shows the upper winds and stream-
70 80 85 
\ \ ® - C E N T R t i \ D E P R E 
-^-.. ... 
E OF THE 
SSION 
0N-J_"jULY 1941 
70° 75° 80° 85° 
Fig. 3 Streamlines showing flow pattern at 1.5 km on the morning of 1 July 1941. 
lines at 1.5 km on 1 July 1941. Dharampur, a station in the Surat 
district , recorded rainfall of 987 mm during the 24 h ending 0800 h 
1ST (0300 GMT) on 2 July. This rainfall is considered to be the 
record rainfall of one-day duration for a plain-area station in 
India (Dhar & Mandai, 1981). Table 2 gives the rain amounts 
recorded at stations in the coastal areas of north Konkan-south 
Gujarat during the period 1-5 July 1941. 
It can be seen from Table 2 that Navassari, a station in the 
rainstorm area, recorded in five days a total rain amount which is 
more than the mean annual rainfall for this station. Many stations 
in the rainstorm area, viz. Bajana, Vagra, Palitana, Matar, Dholka, 
Surat, Valod and Jalalpur recorded in five days rain amounts which 
were 70-90% of their respective mean annual rainfalls. 
Maximum and probable maximum one-day point rainfall 
Table 2 shows a list of stations in the storm area which recorded 
more than 250 mm of rainfall in one day during the rainstorm period. 
It can be seen from this table that in the case of 15 stations, one-
day rainfalls exceeded their respective 100-year estimates of one-
day rainfall. The Navasari station recorded 100-year one-day rain-
fall on two consecutive days (i.e. 1 and 2 July), and 2 July rain-
fall was nearly double the 100-year one-day value for this station. 
Probable maximum rainfall (PMP) has been defined as the upper 
limit of rainfall that a given point or a given area can experience 
in a given duration. There are various techniques used for 
estimating PMP (WM0, 1973). In this study, Hershfield's (1961, 1965) 
statistical technique was used to estimate the PMP of stations in 
the storm areas having more than 50 years rainfall data. Table 2 
also gives PMP estimates for these stations. It can be seen however, 
from Table 2 that none of these stations exceeded their calculated 
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Table 2 Stations which received rainfall of more than 250 mm in a single day during the rainstorm 
of 1-5 July 1941 
Rainfall during 1-5 July, 1941 
(mm) 
Name of the 
stat ion Lat. Long. 1/7 
29 
133 
80 
95 
269 
97 
76 
83 
207 
58 
144 
334 
460 
69 
164 
98 
49 
192 
370 
132 
394 
298 
182 
232 
353 
257 
227 
373 
243 
349 
273 
306 
259 
372 
387 
381 
260 
321 
312 
2/7 
31 
257 
297 
382 
51 
2 
5 
22 
389 
459 
340 
270 
783 
359 
511 
537 
386 
987 
70 
358 
424 
32 
411 
363 
474 
223 
395 
345 
255 
57 
129 
275 
75 
309 
255 
213 
243 
61 
161 
3/7 
20 
137 
51 
23 
79 
43 
37 
91 
30 
278 
138 
357 
17 
637 
404 
404 
171 
273 
25 
181 
357 
11 
204 
202 
255 
157 
264 
152 
83 
43 
53 
155 
54 
177 
218 
184 
198 
114 
116 
4/7 
262 
77 
35 
10 
65 
81 
72 
26 
23 
12 
15 
10 
141 
9 
34 
23 
25 
42 
74 
71 
36 
2 
105 
152 
116 
118 
148 
233 
182 
241 
213 
344 
82 
319 
351 
420 
282 
132 
208 
5/7 
22 
24 
28 
35 
70 
319 
309 
278 
86 
63 
141 
141 
71 
126 
72 
44 
20 
35 
24 
74 
70 
10 
92 
103 
38 
1 
49 
46 
34 
66 
51 
90 
13 
38 
105 
95 
204 
71 
219 
(mm) 
364 
628 
491 
545 
534 
542 
499 
500 
735 
870 
778 
1112 
1472 
1200 
1185 
1106 
651 
1529 
563 
816 
1281 
353 
994 
1052 
1236 
756 
1083 
1149 
797 
756 
719 
1170 
483 
1215 
1316 
1293 
1187 
699 
1016 
(mm) 
486 
811 
937 
1271 
616 
728 
769 
707 
1344 
1071 
1341 
1433 
1455 
1345 
1881 
1693 
1806 
2410 
1218 
1780 
2218 
802 
2457 
3342 
2352 
1759 
2467 
2535 
2589 
2578 
2355 
3279 
3118 
5167 
4304 
4706 
6226 
6212 
3818 
rain' 
75 
77 
52 
43 
87 
74 
65 
71 
55 
81 
58 
78 
101 
89 
63 
65 
36 
63 
46 
46 
58 
44 
40 
31 
53 
43 
44 
45 
31 
29 
31 
36 
15 
23 
31 
27 
19 
11 
27 
Total Mean 5-day rainfal l 1-day 
for 5 annual as per cent of 100-year 1-day 
days rainfal l mean annual rainfal l PMP 
o) (mm) (mm) 
Bajana 
Vagra 
Ankaleshwar 
Valia 
Palitana 
Matar 
Kaira 
Dholka 
Mandvi 
Su rat 
Bardoli 
Va lod 
Navsari 
Jalalpur 
Bansada 
Chikhli 
Bulsar 
Dharampur 
Mangrol 
Ahwa 
Waghai 
Jamner 
Tr imbak 
Igatpuri 
Peint 
Dahanu 
Mokhada 
Vada 
Shahapur 
Bhivandi 
Kalyan 
Karjat 
Roha 
Matheran 
Lonavala 
Khandala 
Mahabafeshwar 
Gaganbavada 
Radhanagari 
23° 07* 
21° 51 
21° 38 
21° 33 
21° 31 
22° 42 
22° 45 
22° 43 
21° 15 
21° 12 
21° 07 
21° 03 
20° 57 
20° 57 
20° 46 
20° 45 
20° 37 
20° 33 
21° 28 
20° 45 
20° 46 
20° 49 
19° 57 
19° 43 
20° 15 
19° 59 
19° 56 
19° 39 
19° 27 
19° 18 
19° 15 
18° 55 
18° 26 
18° 59 
18° 45 
18° 46 
17° 56 
16° 33 
16° 20 
71° 46' 
72° 51 ' 
73° 00' 
73° 09' 
71° 50' 
72° 38' 
72° 42' 
72° 27' 
73° 18' 
72° 50' 
73° 07' 
73° 16' 
72° 56' 
72° 54' 
73° 22' 
73° 04' 
72° 56' 
73° 11 ' 
73° 08' 
73° 41 ' 
73° 30' 
75° 47' 
73° 32' 
73° 35' 
73° 30' 
72° 43' 
73° 20' 
73° 08' 
73° 20' 
73° 03' 
73° 07' 
73° 20' 
73° 07' 
73° 17' 
73° 24' 
73° 22' 
73° 40' 
73° 50' 
73° 59' 
309 
331 
363 
302 
370 
323 
346 
313 
403 
440 
396 
357 
405 
472 
483 
461 
458 
635 
345 
286 
286 
217 
376 
405 
416 
454 
379 
462 
378 
389 
340 
484 
391 
555 
517 
400 
519 
411 
341 
863 
738 
787 
780 
920 
755 
818 
836 
813 
921 
781 
665 
950 
994 
823 
850 
793 
1100 
785 
590 
690 
462 
657 
670 
738 
753 
634 
747 
643 
649 
573 
793 
621 
747 
769 
750 
679 
551 
528 
one-day PMP va lues , al though in the case of Dharampur, which was 
the cen t re of the ra ins to rm, the one-day observed r a i n f a l l of 987 mm 
almost approached i t s PMP e s t i m a t e . 
As mentioned e a r l i e r , Dharampur was the c e n t r e of the r a ins to rm. 
The r a i n f a l l amounts observed at t h i s s t a t i o n were as follows for 
d i f f e r e n t d u r a t i o n s : 
2 July 1941 987 mm 
2-3 July 1260 mm 
1-3 July 1452 mm 
1-4 July 1494 mm 
1-5 July 1529 mm 
No recording raingauges e x i s t e d a t t h a t time in or near Dharampur 
and so the s h o r t - d u r a t i o n time d i s t r i b u t i o n of t h i s r a i n f a l l event 
i s not a v a i l a b l e . 
The 2 July r a i n f a l l a t Dharampur p e r t a i n s to an obse rva t iona l -day 
and i t i s qu i t e l i k e l y t h a t the 24-h value would be h igher than 
987 mm. In Ind ia , Dharampur holds the record for a p l a i n - a r e a 
s t a t i o n for one-day dura t ion r a i n f a l l , while Cherrapunj i , a h i l l 
s t a t i o n (height 1313 m a . s . l . ) , holds the h ighes t record of 1036 mm 
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for this duration (Dhar & Mandai, 1981). In the USA, the highest 
24-h rainfall for a plain-area station is 1090 mm (Hill, 1980) which 
was recorded at Alvin, Texas, during the rainstorm of July 1979 
(tropical storm Claudette 16-20 July 1979). In Australia, the 
highest recorded point rainfall is of the order of 1140 mm at 
Bellenden Ker Top, north Queensland (height 1555 m a.s.l.) which 
was recorded on 4 January 1979. 
Depth-area-duration (DAD) analysis 
Depth-area-duration (DAD) analysis of the rainstorm was carried out, 
and Table 3 gives areal rain depths for durations of one to five 
days. Figure 4 gives the isohyetal pattern of the rainstorm for the 
duration of five days. Rain depths obtained from this rainstorm have 
been compared with similar depths obtained from the most severe 
rainstorms in India, and it has been found that the July 1941 
Fig. 4 Isohyetal pattern of the 1-5 July 1941 rainstorm over the south Gujarat-
north Konkan region of India. 
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The most severe rainstorm of India 227 
rainstorm contributed the highest areal rain depths up to durations 
of one to three days. So far as durations of four and five days 
are concerned, it has been found (Table 3) that for certain areas 
the July 1941 rainstorm still holds the record rain depths while 
for other areas the July 1927 rainstorm yielded higher depths. In 
view of this, the July 1941 rainstorm may be considered as the most 
severe rainstorm in India for durations of one to three days. 
COMPARISON OF DAD RAIN DEPTHS 
Comparison of areal rain depths of the July 1941 rainstorm has been 
made with the most severe rainstorms of the USA and Australia. 
Shipe & Riedel (1976) have given the highest areal rain depths for 
durations of up to three days for the contiguous USA. The highest 
Australian rain depths (M.R.Kennedy, personal communication) are 
shown in Table 3 for selected areas and durations of one to three 
days. It is seen from this table that, with the exception of a few 
areas in the range from 250 to 2500 km , the areal rain depths 
obtained in the July 1941 rainstorm were the highest. Rain depths 
for tropical countries other than the USA and Australia are not 
readily available. It cannot, therefore, be said whether the July 
1941 rainstorm was or was not the world's most severe rainstorm for 
durations of one to three days. 
EFFICIENCY OF THE JULY 1941 RAINSTORM 
Storm efficiency (E) of a rainstorm has been defined as the ratio 
of the observed rainfall (P) for a given duration and area to the 
precipitable water (M) available in the moist air over the storm 
area (US Weather Bureau, 1963; WMO, 1969). This ratio (i.e. P/M) is 
an index of the dynamic processes which take place within the storm 
to convert water vapour present in and near the storm into 
précipitât ion. 
The procedure of working out storm efficiency has been described 
in detail by Wiesner (1970). Using this procedure and using 
persisting 24-h surface dew point data of stations in and near the 
storm area, Dhar & Rakhecha (1973) obtained storm efficiency ratios 
for 38 severe rainstorms of the north Indian plains . At that time 
the rainstorm of July 1941 had not been analysed and so its 
efficiency (E) had not been worked out. 
Among the 38 severe rainstorms examined (Dhar & Rakhecha, 1973), 
it was found that the highest efficiency ratio was of the order of 
2 
22% for an area of some 13 000 km and on the day of maximum rain-
fall. This highest ratio was obtained in the case of a Punjab 
rainstorm from 3 to 5 October 1955, which caused unprecedented rain-
fall and consequent widespread floods over that region. Using the 
same technique, the efficiency of the July 1941 rainstorm was found 
to be 23%. This shows that considering all the severe storms, the 
July 1941 rainstorm was the most efficient rainstorm in the Indian 
region. 
Wiesner (1970) has shown that among the severe rainstorms of the 
USA, the rainstorm of 3-7 September 1950 (Hurricane Easy) gave the 
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highest efficiency ratio of 21%. It thus appears that the July 1941 
rainstorm was also slightly more efficient than the most severe 
rainstorms of the USA. 
SIW1ARY AND CONCLUSIONS 
The severe rainstorm of July 1941 over the south Gujarat-north 
Konkan coast of India was caused by a Bay of Bengal depression 
which moved over the plains of north India in a westnorthwesterly 
direction after crossing the Orissa coast of India on 30 June. When 
the pressure centre of the depression was more than 650 km away to 
the east, exceptionally heavy rainfall fell over the coastal plains 
from south Gujarat to north Konkan as a result of a strengthening of 
the Arabian Sea branch of the southwest monsoon. Dharampur, a 
station in the Surat district of Gujarat, was the centre of this 
rainstorm, which recorded 987 mm of rain on 2 July 1941. This is 
a record rainfall for any plain-area station in India up to the 
present time. During the five-day duration of this rainstorm, 
many stations in the storm area recorded rain amounts which were 
70-100% of their respective mean annual rainfall. The one-day 
rainfalls of 15 stations were found to exceed their respective 100-
year values, 
Depth-area-duration (DAD) analysis of the July 1941 rainstorm 
has shown that among the most severe rainstorms of India, it ranks 
highest for durations of one to three days for an area up to about 
65 000 km . Area for area, comparison with similar DAD rain depths 
of USA and Australian rainstorms has shown that rain depths obtained 
from this rainstorm were higher in magnitude for areas exceeding 
2 
2500 km for durations up to three days. Considering this, it 
appears that the July 1941 rainstorm was one of the most severe 
rainstorms of the world, if not the severest one. 
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